ABSTRACT
INTRODUCTION
he banking system in India, the largest country in South Asia, has evolved to a new stage with the financial reform initiatives that significantly contributed to the enhancement of its performance. Indian banking system was initially dominated by private banks (Saha & Ravisankar, 2000) until the dominance was shifted to state-owned banks since 1969 when the government nationalized 14 largest private banks under the Nationalization Act of 1969 (Kumbhakar & Sarkar, 2003) . Second wave of nationalization occurred in 1980 when government nationalized another 6 banks (Roland, 2005) . Main objectives of the nationalization were directing credit to priority sectors and expansion of branch network. However, with massive nationalization movements and increased share of government ownership in the financial system, the pre-deregulation era of Indian banking industry was mainly characterized with excessive government interventions, constrained competition and inefficiency etc. portraying a typical case of financial repression. Realizing the inefficient status of the banking and financial sector, the government subsequently initiated series of financial reforms including interest rate deregulation and relaxation of regulation on entry and directed credit. The financial reforms, at the initial stage commencing in 1992, have mainly focused on increasing the role of private banks, opening the market for foreign banks to foster competition, enhancing the competitiveness through addressing issues relating to non-performing assets (NPA) and capital adequacy etc. Moreover, with the intention of further improving the operational conditions and converging with international standards, Indian banking system started implementing the concepts of Basel capital standards in 1992 (Roland, 2005) . Similarly, improvement of operational efficiency, quality of customer services, integration of information technology etc. to improve bank profitability and soundness have been the key focus in the later stages commencing in 1998 (see Kumar & Gulati, 2009; Saha & Ravisankar, 2000) .
As a consequence of these reforms, the Indian banking system changed substantially and the shares of private and foreign banks increased compared to 1970s and 1980s. Nevertheless, despite the slight decline in market T © 2011 The Clute Institute share, state-owned and nationalized banks still dominate Indian banking system. For example, State Bank of India (SBI) and its associates hold around 27 percent while nationalized banks hold around 52 percent of the market on average during 2002-2009 leaving only 21 percent for foreign and domestic private banks. However, the share of private sector banks was substantially lower during pre-reform period and even in early 1990s. For example, the share held by foreign banks was less than 5 percent on average during the aforesaid period. Even though the market share of privately owned banks is substantially lower, their respective share of profit is disproportionately higher than that of publicly owned banks (Mittal & Dhade, 2007) . On the other hand as illustrated in table 1 domestic private banks and foreign banks collectively have been able to extend 25.5 percent of total loans by employing only 8.7 percent of the total banking industry employees in 2002. This highlights some of the significant differences between the operating conditions of publicly owned banks and privately owned banks. However, with the absorption of necessary skills and technology by publicly owned banks in the light of increased competition in the market such disparities have been largely disappeared by 2009 where privately owned banks have collectively extended 24.7 percent of total loans while employing 21.9 percent of the total banking sector employees.
Despite the progress of banking reforms and resulting changes in the banking environment, substantially fewer reliable studies have been conducted to investigate the performance dynamics of Indian commercial banks. Moreover, majority of existing studies are either associated with drawbacks (Sathye, 2003) particularly in the methodology or confined to limited and historical time periods or limited to a particular group of banks. This poses significant doubts about the validity of their findings. Thus, the performance dynamics of Indian commercial banking system remain as an important area to be re-investigated.
In view of the above facts, this study aims first, to estimate performance of Indian commercial banks in various aspects and then, to evaluate the effect of ownership on performance by grouping banks into four categories: namely, state-owned, nationalized, foreign and domestic private banks. To assess the direction of performance changes across time, the convergence of performance is also analyzed. This study prevails over previous studies due to four main aspects. First, to overcome limitations in the literature, this study extends the sample and time frame to cover 50 commercial banks over most recent eight year period. Second, without limiting the analysis to one indicator, the study uses a wide range of performance measures which allow capturing performance changes in multiple dimensions. Third, the study attempts to avoid some model specification issues associated with previous studies due to mixed 'flow' and 'stock' concepts in input-output identification for DEA. Finally, it contributes with its recent estimates on efficiency and guides the bankers and policy makers in improving the performance of Indian commercial banks.
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The paper is organized into five sections where section two provides a review of related literature and section three discusses the methodology. Section four explores the empirical results and discusses key findings. Finally section five concludes the paper with a discussion of implications.
REVIEW OF RELATED LITERATURE
The underlying arguments pertaining to the effect of ownership on performance is mainly based on the principle-agent framework and the public choice theory to emphasize the importance of management being constrained by capital market discipline (Altunbas, Evans, & Molyneux, 2001 ). For instance, one of the main propositions of the public choice theory is that, the state-owned enterprises necessarily poorly perform than their privately-owned counterpart due mainly to political influences. However, managers in private firms have more incentives to pursue owner's objectives than managers in state enterprises have, because monitoring in private capital market is superior to that of government (Figueira, Nellis, & Parker, 2009 ). Inevitably, pre-deregulation financial systems are largely owned and controlled by governments of respective countries. The financial deregulation commonly involves privatization of state-owned banks, opening up the market for foreign and domestic private banks and elimination (or relaxation) of other type of frictions that constrain the behavior of the market. The basic proposition underlying such deregulation is that it promotes the competition in the market which eventually forces banks to alter their input mixes and technologies to become more efficient.
Moreover, property rights approach also holds that the form of ownership is a predominant determinant of performance of different organizations (Starr, 1988) . Transferability of ownership in privately held firms makes costs and rewards to be accrued more directly to responsible individuals. In contrast, inability of each individual owner to transfer their respective shares of ownership in a public enterprise inhibits inexpensive detection and rectification of poor management practices (Davies, 1977) . Thus, private firms are expected to be more efficient than state-owned enterprises. This argument also supports financial liberalization and enhancement of private sector participation to uplift the performance in the banking systems while at the same time providing a platform for the ownership-performance debate.
Among few available studies in Indian context, Bhattacharyya, Lovell, and Sahay (1997) claim publicly owned banks to be the most efficient followed by foreign and domestic private banks respectively. These findings are not only quite contrast to theoretical justifications but also less applicable in the current context due to several reasons. First, the study is based on data during 1986-1991 which is too historical and covers basically the prereform period where foreign and domestic private banks did not play a significant role. Second, the outputs of their study consist of advances, investments and deposits following the production approach 1 . Though the treatment of deposits as an output is acceptable in the early stages of Indian banking system where one of the main objectives was to mobilize deposits, in the current context it deems to be inappropriate in a deregulated environment where intermediation approach is more appropriate. Third, they identify outputs based on the 'stock' concept whereas inputs (interest expenses and operating expenses) based on the 'flow' concept. 2 Finally, their data set consists of an unbalanced panel, due to which the relative efficiency scores of Data Envelopment Analysis (DEA) might be substantially affected as composition of sample units change (i.e. when new banks enter into the sample or existing banks drop out of the sample).
Saha and Ravisankar (2000) report public sector banks in general have gained efficiency during 1992-1995. This can be largely attributed to the increased competition resulted from the financial reforms initiated since 1992. Their study also flaws in many aspects. First, it is confined to publicly owned banks. Second, the study covers only the initial phase of financial reforms and the findings are largely outdated by now. Third, the model mixes 'stock' and 'flow' concepts while relying basically on the production approach which is not appropriate in the context of financial intermediaries. Further, their estimation approach and the selection of inputs and outputs remain vague and seemingly lack theoretical justification. © 2011 The Clute Institute Sathye (2003) based on his study on Indian banks during 1997-98 financial year suggests that domestic private banks to be less performing than state owned and foreign banks. But his study confines itself to a narrow time frame, one financial year. Further, a mixing of 'flow' and 'stock' concepts could be observed in model B regarding inputs and outputs. A more recent study conducted over 1997-2003 period by Kumar and Gulati (2009) , mainly based on DEA, reports that technical efficiency of public sector banks has been slightly increased, and find evidences for convergence of efficiency among public sector banks. But their study is confined to public sector banks and thus fails to explain performance dynamics of other groups of banks. In their study also, a mixture of 'flow' and 'stock' concepts can be observed regarding input and output identification for DEA.
The literature reviewed here is rather illustrative than exhaustive. The findings in majority of the Indian banking studies claim that publicly owned banks are superior to their privately owned counterpart. Moreover, existing banking studies reveal the diversity of approaches and techniques used in modeling bank activities and estimating efficiency together with their respective limitations. Not surprisingly, this has laid the foundation for diverse findings.
METHODOLOGY
Along with the recent popularity of x-efficiency literature, the estimation of efficiency of financial intermediaries like banks has followed two main approaches (i.e. parametric and non-parametric) that rely on frontiers in estimating performance. Among parametric approaches, stochastic frontier approach is widely used while DEA is widely adopted under non-parametric approaches. Importantly, the efficiency estimates are highly sensitive to the technique and the approach used in estimating and modeling banking activities (Saha & Ravisankar, 2000) . Due mainly to its popularity in banking studies and flexibility in application, this study relies mainly on DEA which is further supplemented by certain other conventional performance measures.
The study focuses on 80 Indian commercial banks under various ownership groups during 2002-2009. However, banks with only three or less branches (dropped due to their extremely limited role in the industry), banks that have been subjected to mergers or acquisitions during the study period, banks that have commenced or ceased operations within the study period and banks for which data is substantially missing were dropped from the sample to maintain the consistency of the sample across different time periods. Thus, as shown in table 1, the final data set consists of a balanced panel of 50 banks over eight years resulting in 400 bank year observations. The sample comprises 7 state-owned banks, 19 nationalized banks, 16 domestic private banks and 8 foreign banks (grouping is done based on the classification by Reserve Bank of India, the central bank). It should be noted that, in this study, state-owned banks and nationalized banks are sometimes collectively referred to as publicly owned banks while state-owned banks, nationalized banks and domestic private banks are sometimes collectively referred to as domestic banks. Performance is mainly estimated based on DEA and is supplemented by three other relatively conventional performance measures: namely, Return on Assets (ROA), NPA ratio, and extent of branch network.
In the second stage Analysis of Variance (ANOVA) is used to evaluate performance variations among various ownership groups. ROA, a popular traditional measure of performance, is used to compare with DEA efficiency scores. NPA ratio and extent of branch network etc. are used to capture other aspects of performance and to explain performance variations. To investigate the status of convergence of efficiency within the Indian commercial banking system, this study calculates -convergence following the same approach as Kumar and Gulati (2009). -convergence exists when the dispersion among bank efficiency scores tends to decrease across the time. In other words, existence of -convergence implies that the differences between efficient banks and inefficient banks are declining over time and tend to converge. For this purpose, the study uses regression model illustrated in equation 1, in which CV denotes the coefficient of variation, α stands for intercept while, the coefficient () denotes the existence of -convergence. Further, t and  respectively denotes time and random error.
Data Envelopment Analysis (DEA) -Slack Based Measure (SBM)
Traditionally, performance measurement of financial institutions was mainly limited to various financial ratios. Ability of such ratios, however, to capture a comprehensive picture of performance is limited. Moreover, such measures do not adequately focus on the long-run performance aspects. Thus, the recent attention of researchers has been shifted towards more sophisticated approaches like frontier efficiency (Sathye, 2003) . Among various frontier efficiency measurement techniques, DEA has been emerged as a leading tool due to its advantages and flexibility (Colwell & Davis, 1992) . DEA is a non-parametric, mathematical programming technique first introduced by Charnes, Cooper, and Rhodes (1978) and subsequently extended and widely applied by various authors (Coelli, 1996) . DEA uses piece-wise liner technology to establish efficient frontier relative to which the efficiency of various Decision Making Units (DMU) are estimated. Thus, relative efficiency scores generated by DEA ranges between 0 and 1 and comparable only within the sample. DEA has several advantages over other non-parametric and parametric approaches. First, DEA enables the estimation of efficiency in complex production entities with multiple inputs and outputs (Moritaa, Hirokawaa, & Zhub, 2005) . Second, it allows the analyst to choose inputs and outputs depending on managerial concerns (Sathye, 2003) . Third, DEA is unit invariant allowing the measurement of different inputs and outputs using different units of measures. This avoids the difficulties that arise when attempting to convert input-output measurements into a common unit of measure. Fourth, DEA does not assume a particular production technology (Avkiran, 2006) . Finally, DEA uses maximum of a ratio of weighted outputs to weighted inputs where the weights are determined by the model so that it gives maximum possible score for each DMU and hence does not require a prior specification of weights (Cooper, Seiford, & Tone, 2006) . Thus, it is substantially flexible and has emerged as a valuable benchmarking tool compared to techniques like stochastic frontier approach etc. (Avkiran, 2006) . DEA, however, is not free of limitations. Its high sensitivity to data errors and outliers, inability capture random effects and inability of DEA efficiency estimates to be compared outside the sample remain as caveats. Thus, it is recommended to compare DEA efficiency measures with other performance measures and to investigate significant differences, if any (see Sathye, 2003) .
Among various DEA models this study uses Slack Based Measure (SBM), first proposed by Tone (2001) , due to its attractiveness over other traditional DEA models. In its design, SBM efficiency score never exceeds the efficiency score generated by CCR model. Thus, a DMU is SBM-efficient if and only if it is CCR-efficient. The reason is that, SBM deals directly with slacks (input excesses and output shortages) whereas traditional CCR and BCC do not consider such slacks. Further, SBM is unit invariant and monotone with respect to slacks (Tone, 2001 ). Thus, in this sense while SBM is compatible with other DEA models, it shows a sharp contrast to them.
DEA Inputs And Outputs
Identification of inputs and outputs of financial intermediaries like banks is not straightforward (Avkiran, 2006; Colwell & Davis, 1992 ) and a matter of long standing debate in the literature (Sathye, 2003) . There are two main approaches for identification of outputs and inputs: namely, production approach and intermediation approach (see Freixas & Rochet, 1997) . The production approach tends to view a bank as an entity that produces deposits and loans using capital and labor whereas intermediation approach views a bank as an entity that intermediates financial assets between savers and investors. However, intermediation approach deemed more suitable for indentifying inputs and outputs for banks and have been adopted by large number of studies though, non-credit outputs have been treated plainly in the intermediation approach (Colwell & Davis, 1992) . Moreover, intermediation approach is consistent with existing commercial bank studies (Worthington, 2000) .
This study adopts the intermediation approach in identifying inputs and outputs. It is commonly visible in the literature that most of the banking studies that adopted DEA have mixed 'flow' and 'stock' concepts in identifying inputs and outputs. To overcome such limitations, this study employs two models where model 1 is based on 'flow' concept, in which all variables are measured as amounts per a unit of time (during a year), and model 2 is based on the 'stock' concept, in which all variables are measured as amounts at a particular point in time (2004) and relies on traditional cost efficiency concept. Thus, the input and output identification in this study is highly consistent with the literature but avoids the critical limitations associated with past studies. Table 2 illustrates input and output specifications for DEA models. With the initiatives of deregulation, an increase of off-balance sheet items such as commissions is commonly observable. Ignoring such activities results in understatement of bank outputs. Thus, to account for these activities non-interest income is included as an output in DEA model 1.
The efficiency scores are calculated for each period separately. Thus, the efficiency scores derived in this study represents a measure relative to the efficient frontier of that particular time period (instead of any grand frontier for entire sample period). One of the objectives of such estimation is to avoid the impact of macro factors that simultaneously affect all the banks in each time period and hence, the estimates in this study are superior to efficiency estimates based on a grand frontier particularly when the macro economic conditions are volatile. Further, to achieve maximum discrimination of DMUs, in terms of efficiency scores, the constant returns to scale (CRS) assumption is held in this study. When variable returns to scale is used only similar sized DMUs are compared and hence, fail to discriminate less performing small scale DMUs. However, due to this assumption, the impact of scale on performance of banks is not properly accounted for in this study.
EMPIRICAL FINDINGS AND DISCUSSIONS
The study employed two DEA models to estimate SBM efficiencies of 50 Indian commercial banks over eight year period ranging from 2002 to 2009. One of the interesting observations is that both DEA models suggest that the efficiency variation in the banking system is increasing With respect to cost efficiency, the -divergence is mainly reflected in the increase of performance differences across different ownership groups where only domestic private banks showed a within group -divergence. In contrast, in terms of revenue efficiency, the performance divergence is reflected not only in the intergroup increase of performance differences but also in the intra-group increase of performance differences within Table 4 illustrates results of ANOVA where the groups between which significant mean differences can be observed are also indicated. For instance, foreign banks have recorded a mean revenue efficiency score of 0.843 and that score is significantly different (higher) to that of both nationalized banks (N) and domestic private banks (P) at 1 percent level and also to that of state-owned banks (S) at 5 percent level.
Foreign banks are the most revenue-efficient followed by state-owned, nationalized and domestic private banks respectively. ANOVA shows a significant effect of ownership characteristics on the revenue efficiency of banks, [F(3, 400) = 8.55, p < .01, η² = .06]. Post hoc analysis was performed based on Dunnett C tests, relaxing homogeneity of variance assumption, to evaluate exact differences between groups. The analysis shows that the mean performance difference between foreign banks and other banks were statistically significant (p < .05) whereas no statistically significant performance differences could be observed among state-owned, nationalized and domestic private banks in terms of revenue efficiency. Foreign banks rank first in terms of the cost efficiency also followed by state-owned, nationalized and domestic private banks respectively where significant effect of ownership could be observed, [F(3, 400) = 52.50, p < .01, η² = . 29] . Similar post hoc analysis shows that cost efficiency differs significantly among each group (p < .01) except for between foreign banks and state-owned banks where significant difference could not be observed.
To compare the DEA efficiency estimates with traditional financial ratio based performance measures, the effect of ownership on Return on Assets (ROA) and the ratio of Non-Performing Assets (NPA) ratios were also analyzed. The mean ROA were highest for foreign banks followed by state-owned, nationalized and domestic private banks. The ANOVA suggests a strong effect of ownership on the ROA, [F(3, 400) = 24.22, p < .01, η² = .16]. ROA of foreign banks significantly differs from other categories (p < .01). No other differences could be observed in terms of ROA among other groups. Foreign banks outperformed all other categories of banks in terms of NPA whereas state-owned, nationalized and domestic private banks recorded relatively higher NPA ratios respectively, suggesting a strong effect from ownership [F(3, 400) = 9.51, p < .01, η² = .07]. Post hoc analysis reveals that NPA ratio of foreign banks were significantly different form all other categories while a significant difference between NPA ratios of state-owned banks and domestic private banks could also be observed (p < .05). Statistically significant difference in NPA ratio could not be observed between state-owned and nationalized banks, and between private and nationalized banks.
In terms of the extent of financial services expansion, spread of the branch network also can be considered as a performance measure. Wu (2005) also states that branch network expansion can be considered as a quality adjusted performance measure though it may have a negative impact on the cost efficiency. Further, Burgess and Pande (2003) report that expansion of rural branch network in India has contributed to lower poverty and improve non-agricultural output. Thus, the effect of ownership on the branch network expansion was analyzed. First, the number of branches of each bank was adjusted for its size by dividing it by the invested capital (capital and reserves). The main objective of adjusting number of branches for size of the bank is to see whether some banks, being relatively large, refrain from extending branch network. In other words, it is worth assessing whether a bank has expanded its branch network sufficiently relative to its absolute size in the industry rather than mere number of branches that each bank has. In this sense, nationalized banks accounted for highest branch expansion followed by state-owned, private and foreign banks respectively. ANOVA suggests a strong effect of ownership on branch network expansion, [F(3, 400) = 44.31, p < .01, η² = .25]. Post hoc Dunnett C test reveals that foreign banks account for substantially fewer branches than all other categories of banks (p < .01). No other differences were found.
Consistent with the available literature and underling theoretical concepts, the findings of this study suggests that foreign banks outperform domestic banks except in terms of branch network expansion. Bhattacharyya, et al. (1997) attribute this in part to the ability for foreign banks in efficiently expanding its branch network within metropolitan areas while not having to extend into rural areas. This gives foreign banks an opportunity to effectively control cost and thoroughly focus on profit maximizing objective yet make least contribution to expansion of banking services beyond main cities.
The lack of profitability of publicly owned banks, on the one hand, can be still attributed to management inefficiencies, priority sector lending and lack of proper manpower planning etc. On the other hand, their main objective is not profit maximization as they are more focused on the expansion of banking services towards rural and semi-urban areas, supporting priority sectors and promoting domestic savings etc. For instance, SBI and its associates, since its inception, are entrusted with the objective of delivering banking services to neglected sectors by other financial institutions (Kumbhakar & Sarkar, 2003) . With the initiatives of nationalization this was further intensified. As a result the proportion of commercial banks located in rural areas reached around 45 percent in 1990s compared to around 10 percent in the pre-nationalization era (Sathye, 2003) . Thus, publicly owned banks account for highest number of branches and relatively higher employment ratios. However, with strong government support and long history in the industry, they have been able to retain their competitiveness by attracting large pools of deposits at a relatively lower cost and extend large amount of loans capitalizing on their extended branch network.
Most surprising finding is that domestic private banks were found to be the least performing among various ownership groups. Moreover, private banks have not made enough contribution to the expansion of branch network (see also Mittal & Dhade, 2007) . Thus, it appears that the domestic private commercial banks have been effectively marginalized due to strong technological pressure from foreign banks and scale pressures from state-owned banks.
CONCLUSIONS AND IMPLICATIONS
The objective of this study was to analyze how state-owned, nationalized and domestic private banks are behind foreign banks, using data envelopment analysis together with three supplementary measures of performance. The findings suggest a strong influence from the ownership characteristics on the performance. Domestic banks, particularly state-owned and nationalized banks, play a vital role in extending the branch network in India and spreading the banking services beyond metropolitan areas though their performance has not yet reached the level of foreign banks. Furthermore, domestic private banks perform least efficiently in the market whereas foreign banks are the most efficient among various categories of banks in terms of both revenue and cost efficiency. This might be particularly due to relatively small scale of domestic private banks compared to state-owned and nationalized banks and technologically backwardness compared to foreign banks in addition to higher operating expenses and higher NPA ratios which are common to all domestic banks. However foreign banks contribute least to the spread of bank services through the expansion of branch network beyond metropolitan areas. Moreover, in quite contrast to findings of some of the previous studies this study finds that the performance among different ownership groups (even within some ownership groups) in India tend to diverge rather than converge.
The findings of this study are in consensus with the theory and majority of the ownership-performance studies (particularly outside India) except for the situation in domestic private banks. For instance, foreign banks which are subjected to higher level of capital market discipline in the light of developed international capital markets have higher incentives to be efficient. In contrast, publicly owned banks (i.e. state-owned and nationalized banks) which are not subjected to direct capital market discipline lacks incentives to be efficient. However, it is apparent that other factors like strong government support, scale, and learning effect resulted from long experience create opportunities for publicly owned banks to be competitive. Relatively underdeveloped domestic capital markets have been failed to create incentives to make domestic private banks efficient; and the lack of infrastructure, technological backwardness etc. have further curtailed the operations of domestic private banks.
Controlling employment costs, other operating expenses and NPA remain as key challenges to be immediately addressed by domestic banks. There are signs that performance gaps among domestic private banks in particular are widening. This trend, if continued, can cause smaller inefficient domestic banks to disappear from the market leading the market to be less competitive. Domination of the banking system by state-owned and nationalized banks might affect negatively on the improvement of efficiency as it effectively curtail the competition in the market while constraining the growth of domestic private banks in particular. Thus, strong well focused initiatives for strengthening domestic private banks are vital for the long-term success of Indian commercial banking industry.
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